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Title: Radical-Involved Asymmetric Additions via Chromium Catalysis
Abstract:

The Stereoselective addition to carbon-carbon and carbon-heteroatom double
bonds remains a cornerstone of asymmetric synthesis. However, conventional
strategies predominantly rely on two-electron polar mechanisms, which are
frequently constrained by the limited availability of chiral organometallic
nucleophiles and the narrow chemical space accessible for vicinal stereocenter
construction. To overcome these challenges, we have harnessed the unique
oxophilicity and single-electron transfer capabilities of chromium to develop two
innovative classes of stereoselective addition reactions: (1) Cr-catalyzed asymmetric
carbonyl additions utilizing modular alkyl radical precursors, effectively bypassing
the need for pre-functionalized organometallic reagents; and (2) Cr-catalyzed
asymmetric cyclopropanation of non-stabilized carbenes. Our mechanistic
dissections reveal a bifurcated stereocontrol model for carbonyl additions,
progressing through either a rigid six-membered cyclic transition state or an outer-
sphere acyclic radical addition pathway depending largely on the radical structure.
Furthermore, we demonstrate that Cr-based metalloradical catalysis enables the
highly diastereo- and enantioselective transformation of gem-dihaloalkanes. These
findings underscore the potential of Earth-abundant transition metals to provide
sustainable, highly selective solutions for the synthesis of complex, value-added

chiral architectures.
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